Supplementary Note 2. Conversion Process
Prior to the patterning process and formation of heterojunction arrays, the conversion of 2D monolayers was studied at various temperatures and laser pulse numbers to understand and optimize the process. PL and Raman spectroscopies were utilized to investigate the extent of conversion and to reveal their optical properties.
To investigate the effect of substrate temperature on the conversion process, a large number of laser pulses (400) were delivered to provide sufficient sulfur for reaction at different substrate temperatures (400-800°C). As shown by the Raman and PL spectra in Supplementary Figure 2a, by partial alloying. This peak slowly weakened as the temperature increased and completely disappeared at 700 and 800°C. The corresponding PL spectra also show the optical bandgap evolution at these temperatures. The effect of various laser pulse numbers was also investigated at a fixed substrate temperature. Supplementary Figure 2c , d shows the Raman and PL evolution as a function of laser pulse number at a constant substrate temperature of 700°C. Here, different laser pulse numbers ranging from 5
to 400 provided precise amounts of sulfur that resulted in a tunable bandgap that ranged from MoSe 2 at 800 nm to MoS 2 at 660 nm.
Supplementary Note 3. Conversion and formation of WSe 2 /WS 2 heterojunctions
To show the broad and compelling technological advantages of our approach, we have also demonstrated the conversion of WSe 2 to WS 2 similar to MoSe 2 / MoS 2 process. We found that WSe 2 nanosheets are totally converted to WS 2 for substrate temperatures of 700°C and 300 laser-vaporized sulfur pulses. Supplementary Figure 3a Raman peaks similar to those reported in the literatures.
Supplementary Note 4. Sample transfer to TEM grids
The transfer of nanosheets onto TEM grids was performed by mechanical transfer using a PMMAassisted method (PMMA=poly (methyl methacrylate) provided by Micro Chem, product number 950 PMMA A4). After spin-coating the sample with PMMA, the SiO 2 layer between the monolayer flakes 8 and the Si substrate was etched by a 2M KOH solution, thereby promoting lifted-off of the PMMA/flakes ensemble, which was then transferred onto TEM grids and allowed to air dry. The PMMA was then removed by soaking in acetone followed by a final rinse in isopropanol.
Supplementary Figure 4a , b shows the optical and SEM images of a monolayer crystal transferred to a TEM grid.
Supplementary Note 5. First-principles calculations
First-principles calculations, based on density functional theory, were performed using the Vienna Ab initio Simulation Package. The projector augmented wave method was used to mimic the ionic cores, while the LDA considering the Ceperly-Alder-Perdew and Zunger (CA-PZ) functional was employed for the XC functional. Atomic positions, as well as lattice parameters, were optimized using a conjugate gradient algorithm. The ionic and electronic relaxations were performed by applying a convergence criterion of 1×10 -2 eV/Å per ion and 10 -5 eV per electronic step, respectively. The rectangular MoS 2 -MoSe 2 hybrid structure, 44.1×3.2 Å, was used for the LDOS calculations, and a vacuum of 20 Å between the hybrids was considered. Also, 1×10×1 Monkhorst-Pack meshes were used to perform the integration over the Brillouin zone.
